In topological quantum materials 1-4 the conduction and valence bands are connected at points (Dirac/Weyl semimetals) or along lines (Line Node semimetals) in the momentum space. Numbers of studies demonstrated that several materials are indeed Dirac/Weyl semimetals 5-9 . However, there is still no experimental confirmation of materials with line nodes, in which the Dirac nodes form closed loops in the momentum space 2,4 . Here we report the discovery of a novel topological structureDirac node arcs -in the ultrahigh magnetoresistive material PtSn 4 using laser-based angle-resolved photoemission spectroscopy (ARPES) data and density functional theory (DFT) calculations. Unlike the closed loops of line nodes, the Dirac node arc structure resembles the Dirac dispersion in graphene 10 that is extended along one dimension in momentum space and confined by band gaps on either end. We propose that this reported Dirac node arc structure is a novel topological state that provides a novel platform for studying the exotic properties of Dirac Fermions.
The discovery of non-trivial surface states in topological insulators 1 attracted a lot of interest and initiated quests for novel diverse topological states in condensed matter. Topological nodal states with conduction and valence bands touching at points (Dirac/Weyl semimetals) or lines (Line Node semimetals) have been proposed to exist in multilayer heterostructures 2, 3 . A possible extension of these states to three dimensional (3D) single crystals was proposed in β-cristobalite BiO 2 11 and A 3 Bi (A = Na, K, Rb) 12 , which are thought to host bulk 3D Dirac points protected by crystal symmetry. Subsequently, Na 3 Bi with magnetoresistance of 5 × 10 5 % and no obvious saturation at 1.8K and 140 kOe 34 .
However, the band structure of this material has not been studied experimentally in detail due to very complex Fermi surface (FS) revealed by calculations 34 . Here we demonstrate that, despite its quite complex FS in the center region of the Brillouin zone, there are also very interesting features close to boundary of the zone, i.e., the Z and X points, which are the signatures of a topological quantum material. Whereas most of the topological quantum materials were predicted by theory first and verified by experiment later, we present an opposite approach: we focused on ultrahigh non-saturating magnetoresistance and based on this we searched for topological states in PtSn 4 by using ultrahigh resolution ARPES and followed with band-structure calculations.
The crystal structure, Fermi Surface and band dispersion along key directions in the to Cd 3 As 2 6 , NbP 9 , WTe 2 35,36 .
In Fig.2 we focus on the interesting features near the Z point in more detail. Whereas the behavior described above has previously been predicted by theory, the structure in the proximity of the X point is far more interesting. We now examine the Fermi surface and band dispersion in small area in the part of the Brillouin zone that is marked by the red box in Fig.3a . The Fermi surface in this region consists of a short arc along the the symmetry line and two longer, nearly parallel segments on either side of this arc. The red dots denote the Dirac node arc at E F . j Schematic of Double Dirac node arc structure.
Red arrows mark the double single nodes and double node arcs. We now proceed to demonstrate that the Dirac-like dispersion shown in Fig.3 is gapless by plotting the momentum-dispersion curves (MDCs) and energy-dispersion curves (EDCs). Fig.4c shows the EDC extracted along the red dashed line in 4b. The red arrow marks the peak located at roughly 90 meV below the Fermi level (Fig.4a) , and demonstrates the absence of an energy gap in this single Dirac-like feature. In Fig.4d , we show the double Dirac-like features along cut#8 (Fig.3j) . To better illustrate the Dirac node arc structure, we plot the location of the Dirac nodes in the momentum space in Fig.4i by extracting the peak positions of MDCs at each node (i.e.,
at the binding energy of 90 meV in the single Dirac dispersion and 60 meV at the proximity of X point in the double Dirac dispersion, as marked by the red-dashed lines in Fig.4a and   d ). In Fig.4j , the schematic of the double Dirac node arc structure is shown, with two Dirac dispersion extending along one-dimension in momentum space.
In conclusion, we use ultrahigh resolution tunable VUV laser-based ARPES to measure the Fermi surface and band dispersion of PtSn 4 . The most significant result is the discovery of Dirac node arc structure in this material. Our results show that near the X point, the single Dirac dispersion evolves into two gapped dispersions and, before reaching the X point, the gaps close and two gapless Dirac-like feature emerge extending along one dimension in momentum space, forming Dirac node arc. These novel features differ from previously predicted Dirac line nodes that form closed loops in momentum space. We proposed that this novel topological nodal structure could be an ideal platform for studying Sample preparation and measurements ARPES measurements were carried out using a laboratory-based system consisting of a Scienta R8000 electron analyzer and a a tunable VUV laser light source 39 . The data were acquired using a tunable VUV laser ARPES system, consisting of a Scienta R8000 electron analyzer, picosecond Ti:Sapphire oscillator and fourth harmaonic generator. All Data were collected with a constant photon energy of 6.7 eV. Momentum and energy resolution were set at ∼ 0.005Å −1 and 2 meV.
The size of the photon beam on the sample was ∼30 µm. Samples were cleaved in situ at a base presure lower than 1 × 10 −10 Torr. Samples were cooled using a closed cycle Herefrigerator and the sample temperature was measured using a silicon-diode sensor mounted on the sample holder. The energy corresponding to the chemical potential was determinded from the Fermi edge of a polycrystalline Au reference in electrical contact with the sample.
Samples were cleave at 40K and were kept at the cleaving temperature throughout the measurement. 
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